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Information Metamaterials 


Information science provides a way to make metamaterials be encoded, 


digital, programmable, software definable, and even cognitive 
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Metamaterials are artificial structures composed of meta-atoms in subwavelength 
scale, which were traditionally described by effective medium parameters based on 
physical science, showing powerful ability in controlling electromagnetic waves and 
lights. From the perspective of information science, metamaterials were also 
represented by digital coding particles 'O and ‘1, resulting in information 
metamaterials. Shannon entropy was directly defined on coding and digital 
metamaterials to measure their information capacity quantitatively. Digital signal 
processing can be operated on coding and digital metamaterials to manipulate 
electromagnetic waves and information. Metamaterials were even programmable to 
realize real-time controls to the electromagnetic waves, generating new-concept 
information systems. The coming challenge in this branch is to develop software- 
defined metamaterials and cognitive metamaterials, which may cover all functions of 
radar, wireless communications, and high-resolution imaging simultaneously, 
breaking the limit of the modern information systems. 
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— Coding Metasurface 


We proposed the concepts of coding and programmable 


metamaterials: From physical world to digital world 
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Digital Coding Particle 


Coding Programming 
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Write coding program in FPGA, 
realizing different functionalities 
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using a single metasurface: Real 
time controls 
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2D Programmable Metasurface 


Point source 


Plane wave 
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— New-Concept Radar 
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Information Entropy 
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The information contained in the metasurface is different 


Using Shannon Entropy to Describe the Information 


Shannon Entropy Modified Shannon Entropy 
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Cui, Liu, and Li, Light Sci. Appl. 5, e16172 (2016) 


Fast Calculation of Scattering Pattern from Coding Pattern 


For Geometrical Entropy For Physical Entropy 
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Non-Periodic Coding Patterns 


Cross1 Cross2 
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Proportional 
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1.5996 1.7200 2.1795 


Field entropy increases as the coding entropy increases 
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Physical Entropy 


The natural diffusion process Во Coding pattern 
Е m Far-field pattern 
leads to the increase of entropy 501—1 | 


40000 50000 


20000 30000 
Iterations of diffusion process 


Applications: 





Radar Imaging: Phase Array; Mechanical Scanning (SAR) 


Single-Radar Imaging 


Metamaterial Apertures for Computational Imaging 


Science John Hunt et al. 


Science 339, 310 (2013); 


DOI: 10.1126/science.1230054 
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THz, Nat. Phot. 2014 


New Imaging System 
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Single-Radar and Single-Frequency Imaging System 


Y. B. Li et al., Sci. Rep. 6: 23731, 2016 








Simple, Beautiful & Powerful 


min [Y3-.(50? - (09,0). * vlIw QI; 


CS Algorithm: Sparsity-regularized optimization problem 
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Simple, Beautiful & Pow 





Anisotropic Coding Metamaterial 





x-pol 





Anisotropic Flexible and 
coding particle ultrathin sample 


Manipulation of EM waves depends on the polarization 


Liu et al., Light Sci. Appl. 5,e16076 (2016) 


1-Bit: Coding Particle Design 





Four States of 1-Bit Case: 0/0, 0/1, 1/0, 1/1 
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2-Bit: Coding Particle Design 


Features: 

«€ 90? phase difference 
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Manipulations of THz Waves 
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Manipulations of THz Waves 
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Manipulations of [Hz Waves 
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Manipulations of [Hz Waves 
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Manipulations of THz Waves 
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For long-range and high-sensitivity radar detection 


Fabrication and Experiment 


Freestanding Sample with Polyimide Film as the Substrate 
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Fabrication and Experiment 


Measured Results of Anomalous Retlections 
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Fabrication and Experiments 


Measured Results of Anomalous Reflections and RCS 











Reduction for M2-1bit 
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RCS are significantly reduced with different incident angles 


FFT Operations on Coding Metasurface 


Fourier Relations Between Coding Pattern and Radiation Pattern 


Perform Convolutions on Coding Metasurfaces 
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Liu et al., Adv. Sci. 2016, 1600156 


Steering of Beam Directions 





Two Different Coding Patterns Added by '01230123...' 
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Perfect rotation of radiation pattern with little distortion 
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Liu et al., Adv. Sci. 2016, 1600156 


Single-Beam Radiation with New Angles 
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Could generate single-beam radiation with arbitrary angle 





Fabrication and Experiments 
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Excellent agreement between simulations and experiments 


Future Directions 


€ A new branch of metamaterial: information metamaterial, is 
created. 

@ The coming challenge in this branch is to develop software- 
defined metamaterials and cognitive metamaterials, which 
may cover all functions of radar, wireless communications, 
and high-resolution imaging simultaneously, breaking the 
limit of the modern information systems. 

¢ A metamaterial tree is illustrated in the next page. 


Future Directions 
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Conclusions 


% We proposed the concepts of coding, anisotropic 
coding, and programmable metasurfaces: More flexible 
and real-time controls to EM waves 

@ Make a direct connection between metasurface and 
digital world 

Evaluate the information entropy directly to measure 
the information capacity 

$ Маке FFT operations and other digital signal 
processing on coding metasurfaces 


@ The future of information metamaterials 
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